The capability of Salmonella to survive outside a host is especially relevant in tropical regions, where the environmental conditions could be more suitable for its long-term persistence. This study investigated the prevalence and genetic diversity of salmonellae within rivers of the Culiacan Valley in the northwestern region of Mexico. From July 2008 to June 2009, a total of 138 water samples were evaluated for the presence of Salmonella spp.; additionally, its association with environmental parameters was determined using Generalized Additive Models (GAMs). Salmonella spp. were isolated from 111 (80.4%) samples without any statistical influence on the environmental parameters investigated, according to the GAM analysis. Twenty-four serotypes were identified; the most frequently isolated serotypes were Salmonella Oranienburg (25%), Salmonella Saintpaul (9%) and
INTRODUCTION
Salmonellae are one of the most frequent causes of foodborne infections worldwide. The transmission of nontyphoidal salmonellosis to humans has been traditionally linked to the consumption of animal products contaminated with Salmonella (Hackney & Potter ; Bell & Kyriakides ) . The role of non-host environments in the transmission of bacteria to humans has acquired increasing relevance over recent years, in part due to the increase in the number of outbreaks associated with non-animal reservoirs, such as fresh produce (Newell et al. ) . However, the population dynamics and environmental survival of most enteric pathogens are not yet completely understood (Lynch et al. ) .
The capacity of Salmonella to survive in the environment indicates that there is a critical step for colonizing new hosts (Winfield & Groisman ) . Among the more than 2,500 Salmonella serotypes (Popoff et al. ) , only 50 serotypes are known to cause human or animal infections, and the pathogenic competence of most other serotypes is undefined (Tavechio et al. ) . Furthermore, prevalent serotypes in environmental settings rarely coincide with endemic zoonotic serotypes (Martinez-Urtaza et al. ), which raises questions about the origins of these serotypes, the source of contamination and their ability to thrive outside hosts. These issues are particularly
MATERIALS AND METHODS

Study sites and sample collection
The Culiacan Valley is a subtropical region located in the northwestern region of Mexico. The area is irrigated by two rivers originating at the Sierra Madre Occidental that converge in Culiacan City (800,000 inhabitants) and flow 72 km into the Pacific Ocean (Figure 1 ). Six sampling sites were selected to cover the study area (named A, B, C, D, E and F), and samples were collected biweekly from July 2008 to June 2009. Sites A and B were located on mountain sides with a hot semi-humid climate, annual rainfall between 700 and 1,000 mL and a temperature range from 
Environmental parameters
Data on rainfall (mm m À2 ), environmental temperature ( W C), solar radiation (W m À2 ) and relative humidity (%) were evaluated and used for statistical analyses. Rainfall was calculated as the cumulative precipitation for a single day, the solar radiation value corresponded to the maximum data registered throughout the day, and the environmental temperature and relative humidity were obtained as the average of registered data in a complete day. The climatological information was obtained from the Sinaloa Automated Climate System (http://www.ciad.edu.mx/clima), which has 55 weather stations located across Sinaloa. In this study, three weather stations were used for data collection: S1 provided the data for sampling sites A and B; S2 provided the data for sites C, D and E; and S3 provided the data for site F (Figure 1 ).
Statistical analysis
The 
Salmonella diversity
The Simpson's diversity index (D) was used to estimate Salmonella diversity in the sampling sites evaluated using 
RESULTS
Salmonella spp. presence
A total of 138 water samples from all sampling sites (A, B, C, D, E and F) were obtained to evaluate the presence of Salmonella spp., of which 111 (80.4%) were positive.
Sampling sites A and E showed the highest prevalence of the bacteria, with 95.65 and 91.30%, respectively, and site F had the lowest prevalence, with 60.87%. However, no significant differences in the prevalence of Salmonella spp.
were observed among the different sites, when its temporal trend was inferred by GAM analysis (Table 1) .
Environmental parameters
Environmental parameters are presented as the average values from the three weather stations during the one-year study. The temporal variations of each environmental variable were investigated through independent GAMs (Figure 2 ). During the course of the study, two rainfall periods were observed:
between August and September and between March and April (Figure 2(a) ). Additionally, when these events occurred, the relative humidity increased as expected (Figure 2(b) ). The environmental temperature values ranged from 17.10-38.18 W C, reaching the lowest values in the December-January months and the highest values in the July-August months;
thus, two seasons were identified based on these data (Figure 2 (d)). Solar radiation presented a trend similar to the environmental temperature (Figure 2(c) ).
Relationship between Salmonella spp. presence and environmental parameters
The results of the GAM analysis did not reveal any statistically significant associations between the environmental parameters evaluated (rainfall, relative humidity, solar radiation and environmental temperature) and the presence of Salmonella spp. (Table 2) . The best explanatory model accounted for only 8.16% of the deviance, mostly attributed to rainfall, although no statistical influence of individual environmental parameters was determined (Table 2) . Additionally, a potential seasonal trend in the presence of Salmonella spp. over the course of the study was investigated through logistic GAM (Figure 2(e) ), but there was no significant difference in the presence of Salmonella spp. during the study period (P ¼ 0.298, Table 2 ). whereas the X18 and X19 types were strains isolated from sites C and F, respectively. Finally, Salmonella Minnesota was grouped into three PFGE patterns: the X20, X21 and X22 types (Figure 3; Supplementary Figure 1, In contrast, S. Saintpaul pulsotypes X16 and S. Muenster pulsotype X67, showed a more specific pattern of distribution:
type X16 was generally detected in warm/wet conditions, exclusively in sites A and B, whereas type X67 was mostly found in dry/cold conditions in sites A, D and F (Figure 3) .
Salmonella spp. diversity
High Salmonella diversity was found in all of the sampling sites, months, seasons and rain periods. The serotype diversity was mostly observed between the dry and wet seasons, with D values of 0.89 and 0.97, respectively. When dry months were evaluated individually, they showed the lowest D values, ranging from 0.75 to 0.83, whereas the wet months showed the highest D values, ranging from 0.82 to 1.00. When pulsotype diversity was evaluated, all of the variables showed minor D differences between the cold (0.99) and warm seasons (0.98), followed by the dry (0.99) and wet (0.98) seasons. The Salmonella pulsotypes showed higher values of diversity index in all cases, than Salmonella serotypes (Table 4 ).
DISCUSSION
The results of this study describe the presence of Salmonella The Salmonella Oranienburg serotype showed a high genetic heterogeneity among isolates; however, no relationship was determined between geographical or temporal distribution. Salmonella Minnesota isolates showed a similar pattern (unrelated strains). However, few types showed specific geographical distribution patterns compared with the isolates 
